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Abstract

We review MCNP eigenvalue calculations from a suite of
International Criticality Safety Benchmark Evaluation Project
(ICSBEP) Handbook evaluations with the recently
distributed ENDF/B-VII.133 cross section library.
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ICSBEP Summary
* HEU, IEU, LEU systems

LA-UR-11-xxXxXxX

* Pu systems
* Mixed systems
o 233 systems

— Fast, Inter, Thermal energy ranges
— Metal, Oxide, Solution fuel
— Bare, Reflected
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E71B3 File & NJOY Summary

* 418 evaluations in the ENDF/B-VII.1(33 file.

* Previous processing issues from the (32 file are now

resolved

— ... but several evaluations need an ad-hoc patch in ACER to
avoid plotting issues, ®.

 All files processed to create MCNP ACE files with
NJOY2010.

— Still much data checking and comparing tbd.

— NJOY sequence was MODER/RECONR/BROADR/UNRESR/
HEATR(2)/THERMR/GASPR/PURR/ACER(2).

— Independent files created by REM for his calculations.
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E71B3 File & NJOY Summary

 Significant changes from ENDF/B-VII.0 to VII.1.:

_ 9Be. 16() 5051\/ 46,47,48,49,50Tj 113 1551575 174.176,177,178,179,180Hf
) ) ) ) ] ) )
180,182,183,184,186\\/ 185187Rg

— ENDF/B-VII.0 has "V,
— ENDF/B-VII.0 omits 180w,
— Others discussed earlier yesterday and/or today.

— Also show some 233U results
— Was the subject of an IAEA Consultants Meeting late last year.
— Clear deficiencies exist in calculated eigenvalues for solution systems.
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Traditional LANL Critical Assemblies

Calculated Eigenvalues for Traditional LANL Benchmarks

1.0250 | | | | | | | |
i OHMF1 OHMF28 OIMF7d OPMF1 OPMF2 OPMF6 OPMF8 OUMF1 OUMF6 F—
1.0200 :— (Godiva) (Fle;ttop (Big-10)  (Jezebel) (%%c;bel (Elua)ttop (Thor) (;;;ebel (gga;ttop b{ @ Trad Itl O n al LAN L
1.0150 | Assemblies
10100 | — HEU, bare and
i reflected
1.0050
; rm 1 — Pu, bare and
L - .
5 1.0000 ——cjm n_ + + T reflected
- i , _ IZF
~ 0.9950 | — Heterogeneous
E uranium
0.9900
; — 233, bare and
0.9850 lIi:rcoerrt)aailrr{?yi.lIustrate the ICSBEP estimated 1o experimental I’eﬂeCted
0.9800 : "open" symbols use ENDF/B-VII.13 cross sections.
' - "closed" symbols use ENDF/B-VII.O cross sections.
A : | | | | | | | |
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‘Be

Calculated Eigenvalues for Be Reflected Assemblies e LANL & LLNL
1.0100 :
g experlments
1.0075 |
I O
1.0050 | - o
1.0025 | ~  EG8 kcalc
o : _ biased high
$1.0000 F = i —
X L
i A A A
0.9975 |
0.9950 | °
i BEHMF41
09925 | L |mproved
A HMF58
Dark fill = ENDF/B-VI.8; Light Fill = ENDF/B-VII.0
0.9900 e but
0.0 5.0 10.0 15.0 20.0 25.0 ot
/\ Reflector Thickness, cm
)
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Calculated Eigenvalues for Be Reflected Assemblies

1.0100 [
1.0075 |
I O
1.0050 | ~ o
1.0025 |
0025 | i
E i o o
©
§L0000 ——x g ~ z
C AL A @ ]
0.9975 |
i O| O
0.9950 | o O“
- o o BEHMF41
0.9925 | O AHMF58 |
Dark fill = ENDF/B-VI.8; Light Fill = ENDF/B-VIL.0 O HMF77
0.9900
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HMF58 & 77
are LLNL
experiments
that use the
same
components!

ENDF/B-
VII.132
results move
back toward
ENDF/B-
VI.8.
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e Latest revision to the °Be file is believed to be
fundamentally more correct.

* Impact of revised angular distributions remains to be

assessed.

— But an ad hoc change indicates that k. can vary significantly
due to these data.

* Apparent discrepant critical experimental data are
puzzling; a proposal for additional measurements at the
Critical Experiments Facility (CEF) at NTSS has been
accepted by the NCSP, but probably won’t occur for a

couple of years, ®.
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160

Calculated HEU-SOL-THERM-xxx Eigenvalues
with ENDF/B-VII.1B3 Cross Sections

1.0250 | |
: B HST1 0O HST9
1.0200 [ A HSTI10 O HST11
i & HSTI12 @® HSTI13
1.0150 | B HST32 & HST42
[ © HST43 ¢ HST50 V'S
I e it 4
1.0100
1.0050 |
CS i X
O 1.0000 '
N ; | T
0.9950 | _ 121 I
i |
0.9900
ENDF/B-VII.O: Keac(ATLF) = 1.0007(32) - 0.0010(85) * ATLF.
ENDF/B-VII.1B3: k., (ATLF)=1.0006(33) + 0.0002(88) * ATLF.
0.9850 |valuesin parenthesis represent 95% confidence intervals on the L 4
preceding regression coefficient.
0.9800 | The Monte Carlo eigenvalue uncertainty is typically less than 15 pcm.
Error bars illustrate the ICSBEP estimated 1o experimental uncertainty.
0.9750
/\ 0.00 0.10 0.20 0.30 0.40 0.50 0.60

- ) Above-Thermal Leakage Fraction (ATLF)
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Impact on HST
eigenvalues is
minimal.

K.aic Fegression with
ATLF retains near
unity intercept and
statistically
Insignificant slope.

Similar result with
B2 or 3 0.
— For B2 intercept is
1.0000(33); slope is
+0.0029(88).
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160

PU-SOL-THERM Benchmark Eigenvalues

with ENDF/B-VII.183 Cross Sections e PST benchmarks.
1.0250 [
1.0200 e No ATLF trend
Coeo | (same as HST).
10100 | o 239Py atom per-
- ooso | cent mostly >90%,
w ; but some at ~75%
O 1.0000 F
3 : and ~40% (next
0.9950 | I
| OPST1  WPST2 OPST3 flgure)'
0.9900 [| mpST4 ©IPST5 MWPST6
o850 | BPST7  [IPST9  EPSTI0 ° PST34 Changes
' | BPST11 EPST12 CIPSTI8 L east Squares Fit show |mpact of Gd
0.0800 | MPST22 BIPST28 MPST32 iercept - 10061 +1-0.0025 (98 C) | | revisions.
| mPST34
verso o= L T T T T

0.00 005 010 015 020 025 030 035 040 045 050
/N Above-Thermal Leakage Fraction, ATLF
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PU-SOL-THERM Benchmark Eigenvalues

with ENDF/B-VII.1B3 Cross Sections

1.0250 [
1.0200 |
1.0150 |
EI:l
1.0100 E B
iu B
1.0050 E
w -
O 1.0000 F o
5 i
'Y L
0.9950
[|OPST1 MWPST2 @PST3
09900 r mpsST4 ©@PSTS MWPST6
| BPST7 PST9 MPST10
0.9850 |
| BPST11 MEPST12 [PST18 :
- Least Squares Fit:
0.9800 | EMPST22 MEPST28 MPST32 slope = -0.0014 +/- 0.0050 (95% Cl)
[ intercept = 1.0065 +/- 0.0045 (95% CI)
| BPST34 ‘ ‘ |
0.9750 ———— ‘
/) 040 0.50 0.60 0.70 0.80 0.90
) Atom Per Cent 23°Pu
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PST benchmarks
(con't).

Tests for k... trend

with

— ATLF

— ATFF

— alo °Pu

— 239py fission fract
— Average fission E
— Average lethargy
— Grams pul/liter
— 239py/Pu capture
— H capture

— H/Pu ratio

calc

— No trend found
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Calculated LEU-COMP-THERM Eigenvalues Minimal change in
+0100 I .LCTl‘(2.35W/O, dSA-PNL) ‘ LCT k

Ko CIE

calc
Loors || WLCTS (26 wo, Japan) s @ — Individual diffs up to
‘ . |ELCT7 (4.74 wlo, France - Valduc) a .
[ |BLCT8 (2.459 wio, USA - B&W) + 50 pcm,; average
- |ELCT22 (9.8 w/o, Russia - Kurchatov) : .
1.0050 | mLCT24 (9.8 wio, Russia - Kurchatov) diffs much smaller.
- |EMLCT39 (4.74 w/o, France - Valduc) §
1.0025 | E71[33 E/O (pCm)
]
| [ T ] LCT1(8): -16
1.0000 r
i f. : [ — LCT2(5): -2
00075 | £ * ~ LCT6 (18): -10
* | — LCT7 (10): -23
0.9950 | . — LCT8 (6): -17
| Errorbars sttt ICSBEP estmited 10 - LCT22(7):  +12
0.9925 olid squares are / -VII.0 cross sections; lighter _ .
I ?oloredqcircles areEENNDDFF/BBY\I/III(.)l[B cross ;ectiong. t LCT24(2) : +18

o | | | — LCT25(4): +20
- Los Alamos — LCT39(10):
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1.0100
1.0075
1.0050 |
1.0025 |
1.0000
0.9975 |
0.9950 |
0.9925 |

o !

Calculated LEU-COMP-THERM Eigenvalues
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e Minimal change in

{ { {
BLCT1 (2.35 w/o, USA - PNL)
BLCT2 (4.31 w/o, USA - PNL)
BLCT6 (2.6 w/o, Japan)

o
]

LCT k.
— LCTS8, LCT25 show

R Qo

BLCT7 (4.74 wlo, France - Valduc)
LCT8 (2.459 w/o, USA - B&W)
WLCT22 (9.8 w/o, Russia - Kurchatov)

largest impact.

BLCT24 (9.8 w/o, Russia - Kurchatov)
WLCT39 (4.74 wlo, France - Valduc)

mo—e

E7182 — E70 (pcm):

» Los Alamos

NATIONAL LABORATORY
EST.1943
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% :iL' ' | ~ LCT2(5): -15
o r ~ LCT6(18): -21
~ LCT7 (10): -14
_ LCT8(6): -83
xperimental unoertainy. — LCT22(7): +55
colored crcles are ENDFIB-VIL162 cross sectons, — LCT24(2): +48
| | | _ LCT25(4): +83
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* Impact of revised 1°O evaluations are small

— HST regression retains excellent near unity intercept and
statistically insignificant slope with ATLF
— B3 is slightly “better”, but when values are statistically
indistinguishable “better” may be in the eye of the beholder!
— PST regression retains intercept bias, but near zero slope with
various experimental and calculated parameters.

— LCT eigenvalues typically change by less than £ 100 pcm
— Change is often less than 25 pcm
— ~-80pcm for LCT8; ~ +80 pcm for LCT25 for b2
— B3 differences are even smaller (as expected).
— Seems like criticality testing can support either 32 or 3; knowing
that further “Kadonis” tweaks remain to be added.

Py — NOTE: b3 may be e70, but different NJOY processing for (n,a) —
J L’ojsAIamosmtlm versus sum of mt800 + mt801 now versus 2006.
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Data Testing: Ti and V Benchmarks

» Data Testing with ICSBEP Ti and V bearing benchmarks

—Ti
— HMF34 (case 1): interleaved HEU/TI/Al.
— HMF79: 5 cases with increasing axial reflector thickness.
— HMML1: interleaved HEU/Ti/polyethylene plus a radial poly reflector.
— HMM15: interleaved HEU/Ti/polyethylene plus a radial poly reflector.

-V
— HMF25: 5 cases with increasing axial reflector thickness.
— HMF40: interleaved HEU/V.
— HMM16: axial V with interleaved HEU/polyethylene.

/A
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46,47,48,49,50T

Calculated ICSBEP Benchmark Eigenvalues
with Various Cross Section Data Sets
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1.01500 [
Ty Ty R ———Y Ty E68 is too cool.
5 —8— HMF79.3 —a— HMF79.4
101000 1 _& HWF795 — —e—HMF34.1
HMM1 —o—HMM15 .
f ~ E70 is too hot.
1.00500 | /\
3 | /i\ E71B3 is just
- 1.00000 | .
© 0.99500
I E68 = ENDF/B-VI.8 Cross Sections
0.99000 E70 = ENDF/B-VII.0 Cross Sections
i E7133 = ENDF/B-VII.1B3 Cross Sections
0.98500 |
E68 E70+E68 Ti E70 E7183
Cross Section Data Set
/N
)
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46,47,48,49,50T

Calculated ICSBEP Benchmark Eigenvalues
with Various Cross Section Data Sets

1.0150
[ ages * No trend In
1.0100 [— ®mE70
| menaps calculated
10050 | . eigenvalues
3| T n VErsus average
5 10000 1 » o
| : 5 fission energy.
©o.9050 | . I
Error ba.lrs. represeht ICSBEP
0.9900 EQSESEE'22?2?5?55&223;“""rkﬁ 5] o]
less than 0.2%. % H \_%J \%
0.9850 L— I — . s e

1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
Energy of Average Lethargy causing Fission, eV
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50,51\/

o 50,31\/

— Elemental ENDF/B-VII.0O evaluation will be replaced by isotopic
evaluations; adopt JENDL-4 for °%V; revised evaluation for 51V,

* For>lv:
— Total Cross Section
— 100 keV - 5 MeV adopt JENDL-4; above 5 MeV, optical model
calculations using a modified Koning-Delaroche potential.
— Reaction Cross Sections
— all cross sections above 100 keV were evaluated consistently with
the Hauser-Feshbach code CoH.
— Scattering Angular Distributions
— Retain elemental ENDF/B-VII.O elastic scattering data

A — Use COH calculated results for inelastic levels.

AN
» Los Alamos
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50,51\/

Calculated ICSBEP Benchmark Eigenvalues e ENDF/B-VI.8
L0150 with Various Cross Section Data Sets .
O e average is close to
3 —a—HMF25.3 ——HMF25.4 =
5 HMM16.1 ——HMM16.2

1.0050 % gﬁ  ENDF/B-VII.O is
i =
ﬁ

5| % R biased high by
§ — several tenths of a

0.9950 | percent

E68 = ENDF/B-VI.8 Cross Sections

0.9900 E70 = ENDF/B-VIL.0 Cross Sections e Little Change In k

E71B83 = ENDF/B-VII.133 Cross Sections

calc

06850 | with the latest 'soV
- CI’EO7§S SectionESZ::6§e\: s evaluated fIIeS
/\
IRAIamos
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Calculated ICSBEP Benchmark Eigenvalues
with Various Cross Section Data Sets

1.0150

1.0100 |

WEGS
BE70

BE71R3

1.0050

1.0000 F

C/E for kg

0.9950

o

0.9900 —

Error bars represent
ICSBEP uncertainties

for this benchmark
experiment and are

typically less than 0.2%.

HMM16

HMF40
HMF25.x

0.9850 L———
1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07

A

Energy of Average Lethargy causing Fission, eV
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HMF25 results
suggest trend
with increasing
axial reflector
thickness.

No trend in cal-
culated eigen-
values with
average fission
energy, but data
are limited.
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Data Testing: Ti and V Benchmarks

e Conclusions

— Eigenvalues for Ti bearing benchmarks are calculated more
accurately with the latest LANL generated isotopic Ti data files.

— The increasing calculated eigenvalue trend introduced with the
current ENDF/B-VII.O isotopic Ti data sets has been significantly
reduced.

— ENDF/B-VII.0 V is a carryover from ENDF/B-VI, evaluated by
ANL in the late 1980’s, with minor revisions by BNL. These
Integral data testing results indicate that LANL'’s latest revisions
have not eliminated the existing k_,,. bias.
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180,182,183,184,186\\/

* Isotopic W Evaluations from the IAEA

— Criticality testing to date
— HMF3.8 to 3.11: 1.9” to 6.5 thick spherical reflector
— HMF49.1 to 49.3: cylindrical geometry with 1 cm, 3 cm and 8 cm axial reflector
— PMF5: 1.85” thick spherical reflector
— UMF4.1,4.2: 0.96” & 2.28” thick spherical reflector

 ENDF/B-VII.O Calculated Eigenvalues are Too High
~ HMF3.8-3.11 = 1.00838(11), 1.00919(11), 1.01283(11) and 1.01685(10)
—  HMF49.1 — 49.3 = 1.0009(9), 1.0042(9), 1.0048(9)
—  PMF5 = 1.00947(10)
— UMF4.1 - 4.2 = 1.00483(11), 1.00508(11)

« ENDF/B-VII.1B3 Calculated Eigenvalues are ~750 pcm Lower, but the

Increasing Trend of k.. with Increased Quantity of W Remains.
~ HMF3.8 - 3.11 = 1.00134(10), 1.00161(10), 1.00525(11) and 1.01000(11)
~  HMF49.1-49.3: 0.99799(9), 0.99961(9), 0.99844(16)
~  PMF5 = 1.00067(10)
~ UMF4.1-4.2 =0.99890(11), 0.99603(11)

fv Al — These new evaluations represent a significant improvement over
* 05 /Alamos ENDF/B-VII.O.

E5T.1943
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233y Benchmarks: Bare or Refllected Sollutions allnd SB Lalttices ° H201 CH2 and Be
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1.0250 [ , : : :
[ P ® USI1/Be ® USI1/Poly reﬂectors
1.0200 | O USI1/Be&Poly W UST15/Be -
L W UST15/Poly W UST15/Be&Poly
1.0150 : ® UST, Bare @ UST, Water Reflected |- .
' ® UCT, Lattice e Resultsina |arge
. ATFF interval.
1.0050 | ® .
G, 10000 ¢ * Mostly small (<
< 09950 - o ZOpCm) Increase
C [ | c" e
0500 | ngh "0 ° compared to E7O.
0.9850 MCNP5 eigenvalue calculations use [ | . o = Y )
. ENDF/B-VII.1B3 Cross Sections. () .
et oAl 10 s o » oo 'ogégé: * PB2yields a further
09800 | Kearc Uncertainty is typically 10 pcm, or less. ® At .
Average benchmark uncertainties vary from u % o Sma” kcalc INncrease.
0.9750 | ~ 260 pcm to ~600pcm. . ] @
09700 Lo b o b e -Notnews,but
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 . . y
pj Above-Thermal Fission Fraction, ATFF Somethlng 1SN t
*Los Alamos right!
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ANL (ZPR) Criticals (per Bob MacFarlane)

ENDF/B-VII.132 and 33 results:

Assembly Model-k VII-k lbeta?2 lbeta3 C/E Info

HMFO047s 1.0007(37) 1.00166(11) 1.00213(11) 1.00143 Zeus/Nb-Zr/poly, bare
HMFO055s 0.9955(28) 0.99876(10) 0.99832(10) 1.00283 U-Al/U (ZPR3-23 simp)
HMF055d 1.0013(20) 1.00396(12) 1.00343(12) 1.00213 (ZPR3-23 as built)
HMFO060s 0.9955(24) 1.01563(11) 1.00268(11) 1.00721 U/W-Al ZPR-9/4
HMF060d 1.0013(11) 1.02070(11) 1.00848(11) 1.00717 (ZPR-9/4 as built)
HMFO061s 0.9998(25) 1.00618(12) 1.00502(11) 1.00956 U/Graphite (ZPPR-21f)
HMFO061d 1.0006(18) 1.00431(13) 1.00257(14) 1.00197 (ZPPR-21f as built)
HMF067-1s 0.9959(24) 1.00936(11) 1.00291(11) 1.00704 W-C-Al1/Al (ZPR-9/5s)
HMFO067-1d 1.0023(11) 1.01604(12) 1.00852(12) 1.00621 (ZPR-9/5 as built)
HMF072-1d 1.0000 1.00890(09) 1.00874(09) 1.00874 HEU/iron/Cu (Zeus)
PMF033s 0.9967(26) 0.99843(14) 0.99681(14) 1.00011 Pu/Graph (ZPPR-21A si)
PMF033d 1.0023(15) 1.00266(13) 1.00097(14) 0.99867 (ZPPR-21A as built)
MMF013s 0.9999(26) 1.00058(09) 1.00073(09) 1.00067(09) 1.00077 Pu core, HEU shells
IMF010s 0.9954(24) 0.99647(10) 0.99622(09) 0.99624(09) 1.00084 U9 (ZPR-6/9 simp)
IMF010d 1.0014(12) 1.00287(10) 1.00266(10) 1.00126 (ZPR-6/9 as built)
IMFO01Z2s 1.0007(27) 1.00348(10) 1.00301(10) 1.00329(10) 1.00259 Ul6 (ZPR-3/41 simp)
IMF012d 1.0014(18) 1.00325(11) 1.00294(11) 1.00154 (ZPR-3/41 as built)
IMF013s 0.9941(23) 0.99721(10) 0.99725(10) 0.99721(10) 1.00313 Ull/Al (ZPR-9/1 simp)
IMF013d 1.0022(10) 1.00433(11) 1.00410(11) 1.00190 (ZPR-9/1 as built)
ICF001s 0.9939(23) 0.99319(10) 0.98975(10) 0.99285(10) 0.99894 U/U (ZPR6-6A)

ICF001d 1.0017(09) 0.99824(10) 0.99486(11) 0.99317 (ZPR6-6A as built)
MCF001s 0.9866(23) 0.98781(10) 0.98563(10) 0.98751(10) 1.00092 Pu/U (ZPR6-7)

MCFO001d 1.0006(09) 1.00594(10) 1.00346(10) 1.00286 (ZPR6-7 as built)
HMIOO1s 0.9966(26) 1.00802(13) 1.00135(13) 1.00107(13) 1.00449 U/Fe (ZPR-9/34 simp)
MIO02d 1.0016(13) 1.02699(15) 1.01551(14) 1.01481(15) 1.01319 Pu/C/SSt (ZPR-6/10)

» Los Alamos
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